Background: Saraphi (Mammea siamensis) is a Thai traditional herb. In this study, the cytotoxic effects of crude ethanolic and fractional extracts including hexane, ethyl acetate, and methanol fractions from M. siamensis flowers were investigated in order to determine their effect on WT1 expression in Molt4 and K562 cells and Bcr/Abl expression in K562 cells.
Introduction
Saraphi (Mammea siamensis (Miq.) T. Anders.) is a Thai traditional herb and belongs to the Guttiferae family. Its flowers have traditionally been used for heart problems, fever, and enhancement of appetite in Thailand (Poobrasert et. al., 1998) . Recent studies of the compounds contain in flower extracts of M. siamensis suggest that the bioactive compounds have significant antiproliferative activities against human leukemia and stomach cancer cell lines (Tung et. al., 2013) . The coumarins from the flowers of M. siamensis including kayeassamin A, surangin C, and therapin B demonstrated an antiproliferative action and induced cell apoptosis in HL60 leukemic cells (Tung et. al., 2013) . Furthermore, mammea E/BB (an active compound of M. siamensis) exhibited a strong inhibitory effect on WT1 protein expression in leukemic cells (Rungrojsakul et. al., 2016) . WT1 is a biological marker for leukemia and is involved in cell proliferation, cell differentiation, and leukemogenesis. The overexpression of WT1 protein has been found in leukemia cells, and the WT1 gene was initially defined as a tumor suppressor gene in pediatric kidney malignancy (Yang et. al., 2007) . The normal expression of WT1 involves roles in cell growth and development in hematopoiesis, with expression including the bone marrow and lymph nodes (Menke et. al., 1998) . A low level of WT1 protein expression is found in normal blood cells. In contrast, increased levels of WT1 expression are found in leukemic cells, on average 1,000 to 100,000 times higher than in normal blood cells (Inoue et. al., 1994 ). An inverse correlation between WT1 expression levels and prognosis (Inoue et. al., 1994) , increases expression of WT1 at relapse in acute leukemia (Tamaki et. al., 1996) and growth inhibition by WT1 antisense oligomers in leukemic cells . These results suggest that WT1 plays an important role in leukemogenesis as an oncogene. Bcr/Abl fusion protein is commonly found in chronic myelocytic leukemia (CML) as a biomarker. The Bcr/Abl gene is generated from a reciprocal t(9;22) translocation, known as the Philadelphia chromosome, in which the tyrosine kinase of c-ABL is activated and promotes the growth advantage of leukemic cells (Pérez-Caro et. al., 2007) . The Philadelphia chromosome (Bcr/Abl fusion protein) is an important biological marker in diagnosing and monitoring cytogenetic response to treatment in CML patients.
The effect of M. siamensis flower extracts on WT1 and Bcr/Abl protein expressions in leukemic cells is as yet unknown. The present study is thus designed to investigate cytotoxic and inhibitory effects of crude ethanolic extract and fractional extracts including hexane, ethyl acetate, and methanol extracts from dried M. siamensis flowers on WT1 expression in Molt4 and K562 cells and Bcr/Abl expression in K562 cells.
Materials and Methods

Plant material
Plant material was collected from February to April, 2014 in Chiang Mai province, Thailand. It was identified by an expert botanist, Mr. James Franklin Maxwell. A voucher specimen is J.F. Maxwell, No. 92-70 and deposits at the CMU herbarium, Faculty of Science, Chiang Mai University, Chiang Mai, Thailand. The flowers were dried in a hot-air oven (45 C).
M. siamensis flower extraction
The air-dried flowers of M. siamensis were first extracted with ethanol. After removal of the solvent, the obtained crude extract residue was fractionated by quick column chromatography, using a column packed with silica gel, and was partitioned with hexane, ethyl acetate, and methanol to obtain the Hex, EtOAc, and MeOH fractions, respectively. The concentrated solution was completely dried in an evaporator. The four fractions were kept in the refrigerator at -20 C until use and suspended in DMSO to prepare stock solutions (25,000 µg/ml).
High performance liquid chromatographic (HPLC) analysis
HPLC analyses of crude and fractional extracts of M. siamensis flowers were carried out on a 250 × 4.6 mm, 5 µm (GL Sciences, Inc. Torrance, CA, USA), Inertial ODS-3 column at 25 C with a flow rate of 0.5 ml/min. The sample run used water with acetic acid (1%) (phase A) and acetonitrile (20/80 v/v) (phase B) and the injection volume was 10 µl. The HPLC chromatograms were detected under UV light at 280 nm. Quantitation of the compounds in the extract and in each fraction was performed using mammea E/BB (Rungrojsakul et. al., 2016) as the standard.
Cells and cell cultures
Molt4 (human lymphocytic leukemia cell line) and K562 (human chronic myelocytic leukemia cell line) were used as leukemic cell models in this study, and were cultured in RPMI 1640 medium supplemented with 10% of heat-treated fetal bovine serum, 2 mM L-glutamine, 100 units/ml penicillin and 100 µg/ml streptomycin at 37 C under a humidified incubator with 5% CO 2 .
MTT assay
MTT [3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide] was used to evaluate the anti-proliferative activities of the crude ethanol and other fractions from the M. siamensis flowers against Molt4 and K562 cells. Each cell line was seeded at a density of 1.0 × 10 4 cells/well in 96-well plate, and incubated overnight at 37 °C with 5% of CO 2 . Then, cells were treated with the four extracts (3-100 µg/ml) for 48 h and the complete medium with DMSO was used as a vehicle control (VC). Afterward 15 µl of MTT dye (Sigma-Aldrich, St Louis, MO, USA) solution (5 µg/ml) were added and incubated for another 4 h. The resulting formazan crystals were dissolved with 200 µl of DMSO, and the absorbance was measured at 578 nm with an AccuReader TM microplate reader (Metertech-Inc, Taipei, Taiwan). The reference blank was set at 630 nm. The percentage cell viability was calculated as: % Cell viability = (Absorbance of test × 100) / (Absorbance of control) The average cell viability obtained from triplicate experiments was plotted on a graph. The inhibitory concentration at 50% growth (IC 50 ) value was defined as the lowest concentration that decreased cell growth by 50%, whereas the IC 20 value was determined as a non-toxic dose and used for protein expression analysis.
Protein extraction and Western blotting
After treatment, leukemic cells were harvested and counted for viable cell numbers using 0.4% typan blue. Thereafter, the cell pellet was lysed by RIPA buffer (25 Mm Tris-HCl, pH 7.6, 150 Mm NaCl, 1% NP-40, 1% sodium deoxycholate (C 24 H 39 NaO 4 ), and 0.1% SDS). The protein concentration was evaluated by the Folin-Lowry method. The WT1 protein was separated by 12% SDS polyacrylamide gel electrophoresis and fusion Bcr/Abl protein was separated by 7.5% SDS polyacrylamide gel electrophoresis. The WT1 and Bcr/Abl proteins were detected using primary rabbit polyclonal anti-WT1 (Santa Cruz Biotechnology, CA, USA) or primary rabbit polyclonal anti-Bcr/Abl (USBiological Life Sciences, MA, USA) antibody at 1:1,000 dilution, respectively. GAPDH (Santa Cruz Biotechnology, CA, USA) was used as a loading control with a dilution of 1:1,000. The HRP-conjugated goat anti-rabbit IgG 1:20,000 dilution was used as a secondary antibody. The protein of interest was detected using Luminata TM Forte Western HRP substrate (Millipore Corporation, Billerica, MA, USA) and the protein band levels were quantified by a scanning densitometer and Quantity One software, version 4.6.3 (Bio-Rad laboratories, Hercules, CA, USA).
Statistical analysis
The average of triplicate experiments and standard error of the mean (SEM) were used for quantification. The levels of target protein expression were compared to the vehicle control. Values are shown as mean ± SEM. Differences between the means of each experiment were analyzed by One-way analysis of variance (One-way ANOVA). Differences between mean values were considered statistically significant at p < 0.05.
Results
Cytotoxicity of M. siamensis flower extracts
The cytotoxic effects of fractional extracts on Molt4 and K562 cell lines are shown in Fig. 1 . The Hex fraction showed the strongest cytotoxic activity at 48 h in both K562 and Molt4 cells with IC 50 values of 2.6 ± 0.1 and 77.6 ± 2.5 µg/ml, respectively ( Table 1 , Fig. 1a, b) . Molt4 cells had a strong response to the Hex fraction treatment than the K562 cells. The EtOAc fraction was less cytotoxic than the Hex fraction while the MeOH fraction had no cytotoxic effects in Molt4 or K562 cells (IC 50 ˃ 100 µg/ml). 
High performance liquid chromatography (HPLC) analysis
The crude EtOH extract and fractional extracts (Hex and EtOAc fractions) were analyzed by HPLC to identify the fingerprint of the flower of M. siamensis and the possible compounds contained in the flower extract. The HPLC fingerprint of mammea E/BB (Rungrojsakul et. al., 2016 ) was used as a standard marker (Fig. 2a) . Crude EtOH extract and the Hex fraction showed two major peaks at the retention times of 36 and 37 min (Fig. 2b, c) . The retention time at 36 min indicated mammea E/BB from comparison to the standard mammea E/BB (Fig. 2a) , while the retention time of 37 min was reported as an unknown compound peak (Fig. 2b) . The EtOAc fraction showed 4 major peaks at the retention times of 5, 5.7, 6.2, and 6.5 min (Fig. 2d) as compared to the crude EtOH extract (Fig. 2b) . Among the three extracts, the Hex fraction contained the highest peak of mammea E/BB with the value of 24.38% (Fig. 2c) . 
Cells
Effect of M. siamensis flower extracts on WT1 protein expression in Molt4 and K562 cell lines
Molt4 and K562 cells were incubated with crude EtOH extract, Hex, and EtOAc fractions with the concentrations at IC 20 values for 48 h (Table 1) , after which cells were harvested and counted. The WT1 protein levels after the treatments were significantly decreased in Molt4 (Fig. 3a) and K562 cells (Fig. 3b) . The most effective extract was the Hex fraction, with the percent inhibition of 68.4 ± 6.4 and 72.1 ± 1.9%, respectively when compared to the vehicle control. Moreover, crude EtOH and EtOAc fraction significantly decreased WT1 protein levels in Molt4 cells, while there was no effect of EtOAc in K562 cells. The total cell numbers after Hex fraction treatments for 48 h in Molt4 and K562 cells were decreased by 66.2 ± 3.4% (Fig 3d) and 48.7 ± 0.4% (Fig 3e) , respectively, when compared to the vehicle control.
Effects of M. siamensis flower extracts on Bcr/Abl protein expression in K562 cells
The Bcr/Abl protein levels in K562 cells were decreased after treatments with crude EtOH extract, Hex, and EtOAc fractional extracts with the concentration at IC 20 values for 48 h. The Hex fraction was the most effective fraction that inhibited the Bcr/Abl expression (74.6 ± 8.6%) compared to the vehicle control, followed by the EtOAc fraction (46.9 ± 12.2%) (Fig. 3c) . The total cell numbers were decreased by 48.7 ± 0.4 and 75.3 ± 1.5%, respectively compared to the vehicle control (Fig. 3e) .
Effect of incubation time period of M. siamensis flower extracts on WT1 and Bcr/Abl protein expression and total cell number in leukemic cells
The Molt4 and K562 cells were treated with crude EtOH extract, Hex, and EtOAc fractions for 12, 24, 48, and 72 h. The WT1 protein levels were determined by Western blotting. Crude EtOH, Hex, and EtOAc fractions decreased WT1 protein levels with increasing time in Mol4 cells (Fig. 4a, b, c) . However, the Hex and EtOAc fractions suppressed WT1 protein expression more than the crude EtOH. The Hex extract and EtOH treatments decreased WT1 protein levels in K562 cells with increased treatment time (Fig. 5a, c) , while the EtOAc fraction did not (Fig. 5b) .
Bcr/Abl protein expression in K562 cells was examined for treatment time response. Treatments of K562 cells with Hex and EtOAc fractions for 12, 24, 48, and 72 h decreased Bcr/Abl protein levels with increasing time (Fig. 5d, e) . Treatment of K562 cells with crude EtOH extract decreased Bcr/Abl protein levels but the effect did not change with increasing time (Fig. 5f ).
The total cell numbers of Molt4 and K562 cells after crude EtOH extract, Hex, and EtOAc fractions with the same concentration as above (IC 20 value) for 48 h were decreased by a time dependent manner as shown in Fig. 4d and 5g . However, the crude EtOH extract and fractional extracts did not induce dead cells after treatment. The percent of dead cells were in the range of 0-3%.
The active compound of the M. siamensis flower extract was thus most likely found in the low to nonpolar compartment, especially in the Hex fraction. Thus the Hex fraction was selected for further analysis. 
Effect of dosage of Hex fraction from M. siamensis flowers on WT1 protein expression in Molt4 and K562 cells
Various doses (non-cytotoxic levels) of the Hex fraction of M. siamensis flowers were examined for their effect on WT1 protein expression. The nontoxic doses of the Hex fraction used for Molt4 cells were 0.5, 1.0, 1.5, and 2.0 µg/ml and for K562 cells were 25, 30, 35, and 40 µg/ml. The Hex fraction significantly decreased WT1 protein levels in Molt4 and K562 cells with increasing doses (Fig. 6a, 7a ). The total cell numbers decreased with increasing dosage at 48 h in Molt4 and K562 cells as shown in Fig. 6b and 7c , respectively.
Inhibitory effect of dosage of Hex fraction from M. siamensis flowers on Bcr/Abl protein expression in K562 cells
Various doses (25, 30, 35, and 40 µg/ml) of the Hex fraction of M. siamensis flowers were examined for their effect on Bcr/Abl protein expression in K562 cells. The levels of Bcr/Abl protein were significantly decreased at 48 h when compared to the vehicle control (Fig. 7b) . 
Effect of mammea E/BB on WT1 and Bcr/Abl protein expressions in Molt4 and K562 cells
To compare the inhibitory effects of the main active compound (mammea E/BB) and active component of the fractional extract (Hex) on WT1and Bcr/Abl proteins, Molt4 and K562 cells were tested for their activity. The Hex fraction and mammea E/BB at concentrations equal to the IC 20 values (30.6 and 75.0 µg/ml, respectively) were added to K562 cells for 48 h. In Molt4 cells, the IC 20 values for the Hex fraction and mammea E/BB were 1.0 and 2.1 µg/ml, respectively from the MTT assay (Fig. 1a,  8a ). The levels of WT1 protein were significantly decreased, by 50.6 ± 3.1 and 75.0 ± 5.6%, in response to the Hex fraction and mammea E/BB treatment respectively, compared to the vehicle control (p < 0.05) (Fig. 8b) . The IC 20 values for the Hex fraction and mammea E/BB in K562 were 30.6 and 75 µg/ml, respectively (Fig. 1b, 8d) . The protein levels of Bcr/Abl were significantly decreased by 72.5 ± 8.4 and 49.5 ± 4.0%, in response to the Hex fraction and mammea E/BB treatment respectively, compared to the vehicle control (p < 0.05) (Fig. 8e) . The total cell numbers after Hex fraction and mammea E/BB treatments in Molt4 were significantly decreased by 29.5 ± 3.4 and 63.6 ± 1.5%, respectively (Fig. 8c) and in K562 cells were significantly decreased by 43.9 ± 0.9 and 74.8 ± 1.8%, respectively (Fig. 8f) . 
(a) Molt4 and (d) K562 cells (1×10
5 cells/ml) were cultured in the presence of various concentrations of standard mammea E/BB from M. siamensis seeds for 48 h. The cell viability was determined by the MTT assay. The levels of WT1 protein expression after 1.0 µg/ml Hex fraction and 2.1 µg/ml mammea E/BB treatments in Molt4 cells and Bcr/Abl protein expression after 30.6 µg/ml Hex fraction and 75.0 µg/ml mammea E/BB treatments in K562 cells were assessed by Western blotting; GAPDH was used as the loading control. (b) WT1 and (e) Bcr/Abl protein levels in Molt4 and K562 cells, respectively, were analyzed with a scan densitometer. The total cell numbers after Hex fraction and mammea E/BB treatments in (c) Molt4 and (f) K562 cells were determined by the trypan blue dye exclusion method. Data are the mean ± SEM of three independent experiments. * denotes a significant difference from the control group (p < 0.05).
Discussion
The flower of M. siamensis was found to be useful as a heart tonic, a fever-lowering medicine, and for enhancement of appetite in Thai folk medicine. This is the first report of the effect of M. siamensis flower extracts on WT1 and Bcr/Abl proteins in leukemic cells. In this study, the flower crude extract (EtOH) and fractional extracts (Hex, EtOAC, and MeOH) were analyzed for their ability to inhibit leukemic cell growth under suppression of the proteins, WT1 and Bcr/Abl which are involved in human leukemic cell proliferation. The K562 and Molt4 cells were selected to furnish the analysis via the WT1 overexpressing cell model (Anuchapreeda et. al., 2008) . Additionally, K562 cells were used for the Bcr/Abl overexpressing cell model (McGahon et. al., 1997) . The cytotoxic effects of the Hex fraction were in line with those of the crude EtOH extract which contained both polar and nonpolar organic compounds. Thus the nonpolar Hex fraction was more cytotoxic than the polar MeOH fraction. We thus conclude that the active compounds of the flower extract were nonpolar compounds. The Hex fraction of M. siamensis flowers significantly inhibited cell proliferation via the suppression of WT1 expression in Molt4 and K562 cells and Bcr/Abl expression in K562 cells and decreased total cell numbers. The active compound (s) may be mammea E/BB and/or the unknown compound identified in the HPLC analysis. The mammea E/BB obtained from the n-hexane fraction of a M. siamensis seed extract has been reported to inhibit WT1 protein expression in K562 cells (Rungrojskul et al 2016 ) . However, the n-hexane fraction of M. siamensis seed extract and flower extracts show differences in the HPLC fingerprints. The M. siamensis flower extract from nhexane contained a higher peak of an unknown compound at the retention time of 37 min.
This current study is the first report of potential biological effects of M. siamensis flowers as used in Thai traditional medicine. Previous chemical studies showed that the flowers of M. siamensis contain several coumarins and xanthones, some of which possess potential biological and therapeutic properties (Kaweetripob et. al., 2000; Ngo et. al., 2010) . Recent studies have shown that M. siamensis is a source of mammea E/BB which can inhibit the WT1 protein expression and growth in leukemic cells (Rungrojsakul et. al., 2016) . Furthermore, the isolated compounds from of M. siamensis's flower showed an antiproliferative effects through apoptosis induction in leukemic cells (Tung et. al., 2013) . However, there are no previous scientific data to support the effects of M. siamensis flower extract on protein expression in leukemic cells.
Our results demonstrate that the Hex fraction of M. siamensis flowers significantly inhibits cell proliferation via the suppression of WT1 expression in Molt4 and K562 cells and Bcr/Abl expression in K562 cells and decreases total cell numbers. The active compounds may be mammea E/BB or an unknown compound after identified in the HPLC analysis. The known component mammea E/BB was thus examined and its activity compared to that of the Hex fraction. The Hex fraction from M. siamensis flowers suppressed Bcr/Abl and WT1 protein expression and inhibited cell proliferation in leukemic cell lines. The main result in this study agrees with the previous study, the hexane fraction from M. siamensis seed extracts on WT1 protein expression and cell proliferation in the K562 cell line (Rungrojsakul et. al., 2016) . The main active compound in the n-hexane extract from seeds of M. siamensis (HSS) was mammea E/BB. WT1 protein expression after mammea E/BB treatment was decreased which was similar to the effect of the HSS. Moreover, pure E/BB and HSS significantly decreased the total cell number at 72 h. (Rungrojsakul et. al., 2016) .
The effective compounds in the Hex fraction of M. siamensis flowers need further study. It was suggested that the active compound dissolve in n-hexane, a non-polar solvent, and thus may be an essential oil. The essential oils in M. siamensis flowers include many separate compounds including, mammea B/AC cyclo D, kayeassamin A, surangin C, and theraphin B (Kaweetripob et. al., 2000; Ngo et. al., 2010; Win et. al., 2008) .
This study is the first to show that M. siamensis flower extracts have inhibitory effects on Bcr/Abl and WT1proteins in leukemic cells. These results suggest that the hexane extracts of M. siamensis flowers have the ability to inhibit various target proteins related to leukemic cell proliferation, and thus can potentially be used to develop new anti-cancer drugs.
Conclusion
The flower extracts of M. siamensis strongly suppressed the proliferation of leukemia cell lines although the MeOH fraction had neither cytotoxic and nor inhibitory effects on leukemic cells. The Hex fraction decreased the Bcr/Abl and WT1 protein levels, with the effect increasing with dosage and treatment time. This is the first report of the inhibitory effects of M. siamensis flower extracts on Bcr/Abl protein expression in leukemic cells. The active compounds are certainly nonpolar. The main peaks of the Hex fraction correspond to mammea E/BB and an unknown compound. Moreover, mammea E/BB displayed inhibitory effects on both Bcr/Abl and WT1protein expression. However, the unknown compound should be further investigated its activity and compared to that of mammea E/BB. Our results indicate that flower extracts from M. siamensis may be useful alternative therapeutic agents in human leukemias. This study has provided a basis for the future development of M. siamensis as an alternative natural leukemia treatment.
